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(54) ZOOM LENS SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make a camera using a 
zoom lens small in size, especially, in the depth direction 
by arranging a mirror folding an optical axis between lens 
groups moving in the case of zooming. 
SOLUTION: This zoom lens system is constituted of a 
positive 1st lens group 10, a negative 2nd lens group 20 
and a positive 3rd lens group 30 in order from an object 
side, and the mirror M is arranged between the 2nd and 
the 3rd lens groups 20 and 30. Zooming is performed by 
moving the 2nd and the 3rd lens groups 20 and 30 in an 
optical axis direction. That is, the 2nd and the 3rd lens 
groups 20 and 30 are movable variable power lens 
groups. The mirror M is arranged between the movable 
variable power lens groups 20 and 30, that is, the lens 
groups moving together in the case of zooming so as to 
fold the optical axis by 90° . The mirror M is immovable. 
Then, an imaging device 50 is arranged on an image- 
formation surface through a cover glass CG. Thus, the 
miniaturization of the camera, especially, in the depth 
direction is advantageously realized. 
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*> * NOTICES * 

Japan Patent Office is not responsibl for any 
damag s caused by the us of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The zoom lens system characterized by having arranged the mirror which bends an 
optical axis between the lens group which moves in the case of zooming, and a lens group in the 
zoom lens system which consists of two or more lens groups. 

[Claim 2] The zoom lens system which satisfies the following conditional expression (1) in a 
zoom lens system according to claim 1 . 

(1) The air interval from which 0.3<Dmin/ft<0.8 however the lens group in front of a 
Dmin=Da+DbDa; mirror, and the interval based on mirrors (it is the same the intersection of a 
lens optical axis and the reflector of a mirror and the following) serve as the minimum, the air 
interval from which the interval of Db; mirror center and the lens group just behind a mirror 
serves as the minimum, ft; the focal distance of the whole system in a long focal distance edge. 
[Claim 3] The zoom lens system which is a zoom lens system which become order from the 
positive 1st lens group, the negative 2nd lens group, and the positive 3rd lens group from a body 
side, it is made to move the 2nd lens group and the 3rd lens group in the direction of an optical 
axis, and carries out zooming to it, and is characterized by having arranged the mirror which 
bends an optical axis between the 2nd lens group and the 3rd lens group. 

[Claim 4] The zoom lens system which satisfies the following conditional expression (2) in a 
zoom lens system according to claim 3. 

(2) The air interval from which the interval of 0.3<Dmin/ft<0.8, however the Dmin=Da+DbDa; 2nd 
lens group and a mirror center serves as the minimum, the air interval from which the interval of 
Db; mirror center and the 3rd lens group serves as the minimum, ft; the focal distance of the 
whole system in a long focal distance edge. 

[Claim 5] The zoom lens system which satisfies the following conditional expression (3), (4), and 

(5) in a zoom lens system according to claim 3 or 4. 

(3) 0< — 10Z2-/log10of log(s) Z<0.4(4)0.2<fw/f3< 0.6 (5)- 1.3<m3t< -0.8 — however 
Z2=m2t/m2w, Z=ft/fw, m2t; The lateral magnification of the 2nd lens group in a long focal 
distance edge, The focal distance of the focal distance f3; 3rd lens group of the whole system in 
the focal distance of the whole system in the lateral magnification of the 2nd lens group in an 
m2w; short focal distance edge, and ft; length focal distance edge, and a fw; short focal distance 
edge, m3t; lateral magnification of the 3rd lens group in a long focal distance edge. 

[Claim 6] The zoom lens system which is a zoom lens system which become order from the 
positive 1 st lens group, the negative 2nd lens group, the positive 3rd lens group, and the positive 
4th lens group from a body side, it is made to move the 2nd lens group and the 3rd lens group in 
the direction of an optical axis, and carries out zooming to it, and is characterized by having 
arranged the mirror which bends an optical axis between the 2nd lens group and the 3rd lens 
group. 

[Claim 7] The zoom lens system which satisfies the following conditional expression (6) in a 
zoom lens system according to claim 6. 

(6) The air interval from which the interval of 0.3<Dmin/ft<0.8, however the Dmin=Da+DbDa; 2nd 
lens group and a mirror center serves as the minimum, the air interval from which the interval of 
Db; mirror center and the 3rd lens group serves as the minimum, ft; the focal distance of the 
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whole system in a long focal distance edge. 

[Claim 8] The zoom lens system which satisfies the following conditional expression (7) (*) an H 
(9) in a zoom lens system according to claim 6 or 7 expression (7), (8), and 

S-mV/'mVw 2 ^:^° f 'f^ Z f - 4 (8)0.2<fw/f(3-4) (9) w< 0.6- 1.3<m3t< -0.8 - however 
Z2-m2t/m2w, Z-ft/fw, m2t; The lateral magnification of the 2nd lens group in a Ion* focal 

flZVcT* t at6ral r^Ti™ ° f 2nd l6nS gr ° Up in an «*^o« ocal distance edge 
ft The focal distance of the whole system in a long focal distance edge The focal distance 2 

in anTfS " ' J^f, ^ d ' StanCe e ** the S * nthetic fc^'i^^'Sfart lens 



[Translation done.] 
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* NOTICES * 

Japan Patent Off ic is not r sponsible for any 
damag s caused by the us of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the zoom lens system used for a small video 

camera, a digital camera, etc. 

[0002] 

[Description of the Prior Art] Generally, a zoom lens system needs to secure the move space of 
a lens group where it moves in order to carry out zooming, and tends to become long compared 
with a single focal lens. Therefore, there is a limitation in size shortening of the depth direction 
of the camera which uses a zoom lens. 

[0003] Furthermore, high resolution-ization is progressing and a digital camera etc. has the 
inclination to also enlarge optical system in recent years, by enlargement of the screen size 
(image size of a lens) of image pck-up elements, such as CCD accompanying it. Although there 
is a lens collapsible mount type which contains a lens inside a camera as a means to miniaturize 
the camera carrying the zoom lens, at the time of power supply OFF, a mechanism is 
complicated and disadvantageous in respect of cost etc. 
[0004] 

[Objects of the Invention] this invention aims at the thing of the camera which uses a zoom lens 

for which especially the size of the depth direction is miniaturized. 

[0005] 

[Summary of the Invention] In order to shorten the size of the depth direction of a camera, this 
invention considers view of bending the optical axis of a zoom lens system on the way by the 
mirror, and the arrangement position of the mirror, and is completed. 

[0006] That is, this invention is characterized by having arranged the mirror which bends an 
optical axis between the lens group which moves in the case of zooming, and a lens group in the 
zoom lens system which consists of two or more lens groups. 

[0007] In order to arrange a mirror in a suitable position, it is desirable to satisfy the following 
conditional expression (1). 

(1) 0.3<Dmin/ft< — the air interval from which 0.8 however Dmin=Da+Db, the lens group in front 
of Da; mirror, and the interval based on mirrors (the same the intersection of a lens optical axis 
and the reflector of a mirror and the following) serve as the minimum, the air interval from which 
the interval of Db; mirror center and the lens group just behind a mirror serves as the minimum, 
and the focal distance of the whole system in ft; length focal distance edge — come out 
[0008] Moreover, this invention is characterized by having arranged the mirror which bends an 
optical axis between the 2nd lens group and the 3rd lens group in the zoom lens system of 3 
group type which becomes order from the positive 1st lens group, the negative 2nd lens group, 
and the positive 3rd lens group from a body side, is made to move the 2nd lens group and the 
3rd lens group to it, and more specifically carries out zooming to it. 

[0009] It is desirable that it is satisfied [ with this operation form ] of the following conditional 
expression (2) in order to arrange a mirror in a suitable position. 

(2) The air interval from which 0.3<Dmin/ft<0.8 however Dmin=Da+Db, the Da; 2nd lens group, 
and the interval based on mirrors serve as the minimum, the air interval from which the interval 
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of Db; mirror center and the 3rd lens group serves as the minimum, ft; it is the focal distance of 
the whole system in a long focal distance edge ^stance ot 

[0010] Furthermore, in order to raise the lens performance of the zoom lens system of this 3 
group compos.t.on, -J is desirable to satisfy the following conditional expression (3) (4) nd (5) 
Z2-m2V m 2w ?S 'o^) Z<0.4(4)0.2<fw/f3< 0.6 (5)- 1.3<m3t< -0.8 - however ' * 
Z2-m2t/m2w, Z=ft/fw, m2t; The lateral magnification of the 2nd lens group in a long focal 
distance edge the focal distance of the whole system in the lateral magni^on of th 2nd lens 

d stance of SS* 3r6 ^ * ^ ed ^ *• foca, 

len^h I i A + I gr ° UP ' the ' ateral magnification of the 3rd lens group in an m3f 

length focal distance edge — it comes out 

[001 1] Furthermore, the 1st lens group positive to the order from a body side with mode with an 
another this invention, In the zoom ,ens system of 4 group type which consists of Znega ve 
2nd lens group, the positive 3rd lens group, and the positive 4th lens group, is made to move the 

f ™»d fh°. UP I l rd u' en , S gr ° UP> CarneS ° Ut ZOOmin ^ lt is characterized by havhg 

arranged the mirror which bends an optical axis between the 2nd lens group and the 3r"ens 

2^ o, 2^ss: a mirror in a suitab,e positioa * is desirab,e to satisfy the fo,i ° w ^ 

i 6 nri°^ <D "l m/ft ^~ ^ ^ interVa ' fr ° m Which 0 8 however Dmin=Da + Db, the Da; 2nd lens group 
and the interval based on mirrors serve as the minimum, the air interval from which the interTal 
of Db; mirror center and the 3rd lens group serves as the minimum, and the focal distance o7the 
whole system in ft; length focal distance edge — come out distance of the 

L0013] In order to raise the lens performance of the zoom lens system of this 4 grouo 
compos,t,on ,t -s desirable to satisfy the following conditional expression (7), (8), and (9) 
S-m^T/ o 7 l*^^ Z<0 - 4 ( 8 )°-2<Wf(3-4) (9) w< 0.6- 1.3<m3t< -0.8 - however 
Sane Tl:TV^ m2t] ' ateraI ma ^ nification ° f the 2nd lens group in a long food 
distance edge. Lateral magnification of the 2nd lens group in an m2w; short focal distance edge 
ft The focal distance of the whole system in a long focal distance edge, the focal dSince of 'the 
whole system ,n a fw; short focal distance edge, the synthetic focal dfstance of the 3rd lens 
group in an f<3-4) w; short focal distance edge, and the 4th lens group, and the latera 
magnrficat.cn of the 3rd lens group in an m3t; length focal distance ed'ge - it comes Lt 

[he'zoo'm fel 5 slstenlZT^ iS ^ f0 ™ wWch app,ied this inven tion to 

tne zoom lens system of 3 group composition. This zoom lens system becomes order from the 
positive 1st lens group 10, the negative 2nd lens group 20, and the positive 3r lens groTso 
from a body side, and Mirror M is arranged between the 2nd lens group 20 and th 3r lens group 

the 3°dTenf I' m ° V , e n t, ^ dir f ti0n ° f 3n ° Ptical axis ' and P-rfbrm. the 2nd lens group 20 and 
" J 6 " 5 gr ° UP 3 °- That ,S ' the 2nd lens S rou P 20 and the 3rd lens group 30 are movabt 
move n t P h° Wer ' enS / rOUps - B ° th the M are arranged between the lens groupTwhich 

S and bind Q0 S H ^ ™ Vable Variable power len * ^Js 20 and 30 that 

idT^t T 668 ? f ° Pt,Ca,S 3XiS - Mirr ° r M is ^mobility (fixation). In the image formation 

rnn%i , 56 P UP e ' ement 50 is arranged throu e h cover g'ass CG rormation 
L0015J In a zoom lens system, although there is an example which bends an optical axis by the 
body or image side rather than a movable variable power lens group until now it is inadeaLte for 
he mimatunzation of a camera. On the other hand, since the optical axis was ben^ be^eef the 

LTouoTis t th ' S '"r'T mOV6S the 0356 ° f ZOOming " above-men'oned and the .ens 

? ° n ' " adva " ta eeous to the miniaturization of a camera, especially the miniaturization of the 

t^JZ " 3 Camera - M ° reOVer ' * " POSSib ' e t0 raise the flexibilit V °" a design furthlr by 
l ^lnl men Z m,Vr0r iS US6d f ° r 3 refleCt ° r ' there is an advantage that a reflector with 
*^X£ZS^ Ch6aP,y 15 ° btained M ~ 3 "™ « Perf ^ —trie 
[0017] Conditional expression (1) is the conditions for arranging a mirror in a suitable position If 
the upper limit of conditional expression (1) is exceeded, since the lens group interval by whTch a 
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*. mirror is arranged will become large too much, a lens overall length also becomes large as a 
result, and it becomes impossible to miniaturize a camera. If the minimum of conditional 
expression (1) is exceeded, the mirror for bending an optical axis and the lens group before and 
behind it will interfere. 

[0018] Conditional expression (2) - (5) is the conditions over the zoom lens system of 3 group 
composition. The example of the move locus of the zoom lens system of 3 group composition of 
the positive-lens group 10, the negative-lens group 20, Mirror M, and the positive-lens group 30 
was shown sequentially from the body side shown in drawing 26 at drawing 1 . 
[0019] Conditional expression (2) is the conditions for arranging a mirror in a suitable position. If 
the upper limit of conditional expression (2) is exceeded, since the air interval of the 2nd lens 
group and the 3rd lens group will become large too much, a lens overall length also becomes 
large as a result, and it becomes impossible to miniaturize a camera, the [ the mirror for bending 
an optical axis, if the minimum of conditional expression (2) is exceeded, the 2nd lens group, or ] 
— 3 lens groups will interfere 

[0020] Conditional expression (3) is related with a scale-factor change operation of the 2nd lens 
group. If the upper limit of conditional expression (3) is exceeded, a scale-factor change 
operation of the 2nd lens group will increase, and amendment of the aberration change 
accompanying variable power will become difficult. If the minimum of conditional expression (3) is 
exceeded, only the 3rd lens group will have a scale-factor change operation, and cannot enlarge 
a zoom ratio. Furthermore, the movement magnitude of the 3rd lens group becomes large too 
much. 

[0021] Conditional expression (4) is related with the power of the 3rd lens group. If the upper 
limit of conditional expression (4) is exceeded, the power of the 3rd lens group will become large 
too much, the aberration change at the time of zoom will especially become large, and comatic 
aberration will get worse. If the minimum of conditional expression (4) is exceeded, the optical 
path length after the power of the 3rd lens group for making the emission nature beam of light 
injected from the 2nd lens group converge becomes small too much and bends an optical axis by 
the mirror will become long. 

[0022] Conditional expression (5) is related with the lateral magnification in the long focal 
distance edge of the 3rd lens group. If the upper limit of conditional expression (5) is exceeded, 
the movement magnitude of the 2nd lens group will become large, and the optical path length 
before bending an optical axis by the mirror will become long. If the minimum of conditional 
expression (5) is exceeded, the lateral magnification of the 3rd lens group will become large too 
much at a minus side, the burden of aberration amendment of the 3rd lens group will increase, 
and the aberration change accompanying zooming will increase. 

[0023] Moreover, the zoom lens system of 4 group composition by this invention is the 
composition of having added the immovable positive 4th lens group on the occasion of zooming 
with comparatively small power behind the 3rd lens group of the zoom lens system of 3 above- 
mentioned group composition. It becomes easy to obtain the tele cent rucksack nature 
demanded by this when using image pck-up elements, such as CCD. The example of the move 
locus of the zoom lens system of 4 group composition of the positive-lens group 10, the 
negative-lens group 20, Mirror M, the positive-lens group 30, and the positive-lens group 40 was 
shown in drawing 27 sequentially from the body side. The 2nd lens group 20 and the 3rd lens 
group 30 are movable variable power lens groups, and Mirror M is arranged in the meantime. 
[0024] Conditional expression (6) - (9) is the conditions over the zoom lens system of 4 group 
composition. Conditional expression (6) is the conditions for arranging a mirror in a suitable 
position. Since the air interval of the 2nd lens group and the 3rd lens group becomes large too 
much, a lens overall length also becomes large as a result, and it becomes impossible to 
miniaturize a camera, if the upper limit of conditional expression (6) is exceeded, the [ the mirror 
for bending an optical axis, if the minimum of conditional expression (6) is exceeded, the 2nd lens 
group, or ] — 3 lens groups will interfere 

[0025] Conditional expression (7) is related with a scale-factor change operation of the 2nd lens 
group. If the upper limit of conditional expression (7) is exceeded, a scale-factor change 
operation of the 2nd lens group will increase, and amendment of the aberration change 
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accompanying variable power will become difficult. If the minimum of conditional expression (7) i« 
therl V° n,y *? l T, S T P W '" h3Ve 3 sc -'^ctor change operatic and canno ma e 
beLmeVllrg^Z ^ ~ ° f *• « ^ 

Ke^l? 0 ^''*' 0 " 31 t XP : eSsion (8) is relate d with the synthetic power of the 3rd lens group and 

[0027] Conditional expression (9) is related with the lateral magnification in the long focal 
distance edge of the 3rd lens group. If the upper limit of conditLal expressio 9 ifs excLd.H 

bewT m H ent magni ! Ud ! ° f ' enS gr ° UP W '" become '-^ and nZ opticif pa^h "ngth * 

before bending an optical axis by the mirror will become long. If the minimum or C onditionaf 
expression (9) ,s exceeded, the lateral magnification of the 3rd lens group wTll become aree too 

aTd'th: a r ,nU t S S,de , bUrd6n ° f aberrat, '° n ""endmerrt of the 3rd ^T^TJS^ 
S?oS \, aberrat,on chan e e accompanying zooming will increase mcrease, 
L0028J Next, a concrete example is shown. As for the following examples 1 and 2 3 emnn 

respectively, S .s sagittal and M is meridional, moreover FNO of front Zkl - tnT? u 

SS^ST X ^et^-of-revCufcon -*«*> surface's defined by 

1+D-(1+K)c2y2] IA= O y2/[2]+A4y4*A6y6+A8y8*At0yr0+A!2y12 . (however x asoherb 

2nd lens grou > 20 IS ? tenS gr ° UP 10 COnsists of one P° sitive meniscus lens, the 

[M3o] om,ng 13 p d by movins ,he 2nd " ns sroup and the 3rd te " s Wfc dlSSS 

[Table 1] 

FNO=1:2.8-3.0-4.5f=8.50-1 0.50-24.35 (zoom ratio; 2.86) 

^ftnn ^ni 3 "i?ln a=6 - 20 ° Db=6 " 2 Fie,d Na R d Nd nu 1 27.696 5.937 1 48749 70 2 2 167 538 
2.800-6.401-14.499 - - 3 18.380 1.800 1.80400 46.6 4 7 732 4 964 - 5 - 10 fifim 7n'n , S 
49.6 6 48.086 0.100 - - 7 14.769 2.353 1.8466623.8 8 22 470 23 921-20 320-12 222 t ♦ ♦ 
and is (S). infinity 9.922-8.833-0.970- - 9 20.617 2.448 1 74400 44 8 10 -53 552 0 10o" Tl * 
12.066 3.300 1.5163364.1 12 - 22.254 1.800 1.84666 23.8 13 - 1697^ 3 5213 - U-592 U 
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: 1.600 1.80518 25.4 15 7.500 2.427 16*11.763 2.800 1.72151 29.2 17 -43.306 5.025-6.114- 

13.977 — 18infinity 3.790 1.5163364.1 19infinity * is the symmetry-of-revolution aspheric 

surface. 

Aspheric-surface data (the aspheric-surface coefficient which is not displayed is 0.00.): Field No. 
K A4 A6 A8 16 0.00 -0.6054x10-4 -0.9024x10-6 0.2034x10-7 [0031] [Example 2] drawing 6 and 
drawing 8 show the lens block diagram in the short focal distance edge of an example 2, and a 
long focal distance edge, respectively, and drawing 7 and drawing 9 show many aberration in 
each lens composition shown by drawing 6 and drawing 8 . Table 2 is the numeric data. 
Fundamental lens composition is the same as that of an example 1 , except that the negative lens 
of the 2nd lens group 20 consists of a negative meniscus lens. 
[0032] 
[Table 2] 

FNO=1:2.8-4.7-4.9f=8.50-23. 10-24.00 (zoom ratio; 2.82) 

W=28.7-1 0.9-1 0.5Da=6.000 Db=6.771 Field No. R d Nd nu 1 32.665 4.839 1.48749 70.2 2 970.454 
1 .800-1 2.386-1 2.359 - - 3* 23.841 1 .400 1 .75700 47.8 4 7.468 4.31 7 — 5 211 .903 1 .300 1 .81 600 
46.6 6 22.881 0.100 -- 7 10.596 3.000 1.8466623.8 8 14.926 22.480-11.894-11.921 - -It 
extracts (S). infinity 10.092-1.520-0.877 - - 9* 9.846 3.011 1.58913 61.2 10 - 38.1220.100 - - 11 
20.062 3.000 1.48749 70.2 12 - 14.152 1.200 1.84666 23.8 13 - 30.286 0.985 - - 14 - 131.386 
1.300 1.80100 35.0 15 7.489 1.515 - - 16 16.478 2.114 1.7552027.5 17-137.956 10.657-19.228- 

19.871 - - 18 infinity 3.790 1.51633 64.1 19 infinity * is the symmetry-of-revolution aspheric 

surface. 

Aspheric-surface data (the aspheric-surface coefficient which is not displayed is 0.00.): Field No. 
K A4 A6 A8 3 0.00 -0.4359x10-5 0.6936x10-7 -9 0.00 -0.1306x10-3 -0.1115x10-6 -0.1907x10-7 
[0033] [Example 3] drawing 10 and drawing 12 show the lens block diagram in the short focal 
distance edge of an example 3, and a long focal distance edge, respectively, and drawing 1 1 and 
drawing 13 show many aberration in each lens composition shown by drawing 10 and drawing 1 2 . 
Table 3 is the numeric data. The 1st lens group 10 positive in field No.1-2, the 2nd lens group 20 
negative in field No.3-8, the 3rd lens group 30 positive in field No.9-15, the 4th lens group 40 
negative in field No.16-17, and field No.18-19 are cover glass CG, such as CCD. Sequentially 
from the body side, the 1st lens group 10 consists of one positive meniscus lens, the 2nd lens 
group 20 consists of a negative meniscus lens, a negative lens, and a positive lens, the 3rd lens 
group 30 consists of a cemented lens of a positive meniscus lens, a positive lens, and a negative 
lens, and a negative meniscus lens, and the 4th lens group 40 consists of one positive meniscus 
lens for it. Mirror M and drawing S are placed in a fixed position between the 2nd lens group and 
the 3rd lens group, and zooming is performed by moving the 2nd lens group and the 3rd lens 
group like drawing 27 . 
[0034] 
[Table 3] 

FNO=1:2.8-4.8-4.81^7.50-20.88-2l.20 (zoom ratio; 2.83) 

W=33.0-1 2.5-1 2.3Da=5.700 Db=6.560 Field No. R d Nd nu 1 28.275 5.388 1.48749 70.2 2 414.220 
2.000-12.665-12.660 - - 3 29.368 1.400 1.83400 37.2 4 7.469 4.364 — 5 - 30.929 1.300 1.80400 
46.6 6 21 .539 0.663 - - 7 1 5.481 3.200 1 .8051 825.4 8 - 1 87.627 21 .973-1 1 .308-1 1 .31 3- - It 
Extracts. (S) Infinity 9.896-1.209-0.952- - 9 9.080 2.773 1.49700 81.6 10 825.601 0.100- - 11 
10.006 2.527 1.4874970.2 12 229.600 1.200 1.84666 23.8 13 18.788 1.893 14* 18.00 1.300 
1.66910 55.4 15 10.879 6.232-14.919-15.176 - - 16-40.629 2.000 1.67270 32.1 17-20.908 4.999 - 

-18 infinity 3.790 1.51633 64.1 19 infinity * is the symmetry-of-revolution aspheric surface. 

Aspheric-surface data (the aspheric-surface coefficient which is not displayed is 0.00.): Field No. 
K A4 A6 A8 14 0.00 -0.5924x10-3 -0.8105x10-5 -0.1539x10-6 [0035] [Example 4] drawing 14 
and drawing 16 show the lens block diagram in the short focal distance edge of an example 4, 
and a long focal distance edge, respectively, and drawing 15 and drawing 17 show many 
aberration in each lens composition shown by drawing 14 and drawing 16 . Table 4 is the numeric 
data. The 1st lens group 10 positive in field No.1-2, the 2nd lens group 20 negative in field No.3- 
8, the 3rd lens group 30 positive in field No.9-16, the 4th lens group 40 positive in field No.17-18, 
and field No. 19-20 are cover glass CG, such as CCD. The 1st lens group 10 consists of one 
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[Table 4] 

™O=1- 2 - 8 -4.7-5.2f=8.14-20.96-22 .99 (zoom ratio; 2.82) 

JS? n ?i"V;l2f 600 o° Db=6815 Re,d Na R d Nd nu 1 23.984 5.444 1 48749 702 2 158 247 
^f 5 "! 1 -242-1 1.046 - - 3 24.61 1 1.400 1.83400 37.2 4 7.416 4 410 - 5 - 22 1 1Q inn ifioln 
55^ 6 25^15 1^21 --7 18.050 2.619 1.8051825.4 8 -273.^0^ 

^ a c C oo S i S) ' nfinity 10 - 69 °- 2 - 61 4-0.887- - 9* 14.806 2.600 1 66910 55 4 10 - 42 910 0 1M 
[Table 5] 

^?rl :2 ^" 4 - 7_5 - 1f=7 - 47 - 19 - 65 - 21 - 11 ^oom ratio; 2.83) 

fot,! frlL 4D , a=4 - 5 °° Db=5444 Field No " R d Nd nu 1 30.104 5471 1 48749 702 2 1165 

VS^VffrlXZZr 3 28004 1 400 18340 ° 372 4 9984 4-036 - 5 25 84? 1 400 
1.80400 46.6 6 14.427 2.198 - - 7 19.321 2.601 1.80518 25 4 8 - 131 192 18 688-8 QS1 oSL 

[Example 6] dj^wjngj* and dj^win^ show the lens block diagram in the short fooal IJEnrJ 
[Table 6] 

u,-?™ 2 - 8 -4 5-5-4^8.42-20.60-23.80 (zoom ratio; 2.83) 

-1SK «^^^ , l^" 1M * fl «^ '-67270 32.1 17 - ,6400 5.0M - 
Aspheric-surface d«» f»h„ 1 '^"'V " "* is the =Vm m etry-of-revolution aspheric surface. 
Aspnenc surface data (the asphenc-surface coefficient which is not displayed is 0.00.): Field No. 
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K A4 A6 A8 14 0.00 -0.7326x10-3 -0.7913x10-6 -0.3993x10-6 [0041] The value over each 
conditional expression of each example is shown in Table 7. 
[Table 7] 

An example 1 An example 2 Example 3 conditional expression (1) 0.542 0.532 0.578 conditional 
expression (2) 0.542 0.532 - Conditional Expression (3) 0.293 0.235 - Conditional Expression (4) 
0.491 0.525 - Conditional Expression (5) - 0.984-1.040 - Conditional Expression (6) - - 0.578 

conditional expression (7) 0.271 conditional-expression (8) 0.445 Conditional Expression 

(9) 1.016 Example 4 Example 5 Example 6 conditional expression (1) 0.558 0.471 0.524 

conditional expression (2) Conditional-Expression (3) Conditional Expression (4) 

Conditional Expression (5) Conditional Expression (6) 0.558 0.471 0.524 conditional 

expression (7) 0.261 0.239 0.221 conditional expression (8) 0.3680.4340.509 conditional 
expression (9) -1.103 -1.077 -1.175 each example is [0042] which has satisfied each conditional 
expression and by which many aberration is also amended comparatively well. 
[Effect of the Invention] According to this invention, the size of the camera which uses a zoom 
lens, especially the depth direction can be miniaturized. 
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; * NOTICES * 

Japan Patent Offic is not r sponsibl for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the fundamental lens composition of the zoom lens system by 
this invention. 

[Drawing 2] It is drawing in which developing a reflector and showing the lens composition in the 
short focal distance edge of the example 1 of the zoom lens system by this invention. 
[Drawin g 3] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 1 . 

[Drawing 4] It is drawing in which developing a reflector and showing the lens composition in the 
long focal distance edge of the example 1 of the zoom lens system by this invention. 
[Drawing 5] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 3 . 

[Drawing 6] It is drawing in which developing a reflector and showing the lens composition in the 
short focal distance edge of the example 2 of the zoom lens system by this invention. 
[Drawin g 7] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 5 . 

[Drawing 8] It is drawing in which developing a reflector and showing the lens composition in the 
long focal distance edge of the example 2 of the zoom lens system by this invention. 
[Drawing 9] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 7 . 

[Drawing 10] It is drawing in which developing a reflector and showing the lens composition in 
the short focal distance edge of the example 3 of the zoom lens system by this invention. 
[Drawin g 1 1 ] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 9 . 

[Drawing 12] It is drawing in which developing a reflector and showing the lens composition in 
the long focal distance edge of the example 3 of the zoom lens system by this invention. 
[Drawing 13] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 1 1 . 

[Drawing 14] It is drawing in which developing a reflector and showing the lens composition in 
the short focal distance edge of the example 4 of the zoom lens system by this invention. 
[Drawing 15] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 13 . 

[Drawing 1 6] It is drawing in which developing a reflector and showing the lens composition in 
the long focal distance edge of the example 4 of the zoom lens system by this invention. 
[Drawing 17] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 1 5 . 

[Drawing 18] It is drawing in which developing a reflector and showing the lens composition in 
the short focal distance edge of the example 5 of the zoom lens system by this invention. 
[Drawing 1 9] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 1 7 . 

[Drawing 20] It is drawing in which developing a reflector and showing the lens composition in 
the long focal distance edge of the example 5 of the zoom lens system by this invention. 
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[Drawing ^jM] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 19 . 

[Drawing 22] It is drawing in which developing a reflector and showing the lens composition in 
the short focal distance edge of the example 6 of the zoom lens system by this invention. 
[Drawing 23] They are many aberration views in the short focal distance edge of the lens 
composition of drawing 21 . 

[Drawing 24] It is drawing in which developing a reflector and showing the lens composition in 
the long focal distance edge of the example 6 of the zoom lens system by this invention. 
[Drawing 25] They are many aberration views in the long focal distance edge of the lens 
composition of drawing 23 . 

[Drawing 26] It is the simple move view of the zoom lens system of 3 group composition by this 
invention. 

[Drawing 27] It is the simple move view of the zoom lens system of 4 group composition by this 
invention. 

[Description of Notations] 

10 1st Lens Group 

20 2nd Lens Group 

30 3rd Lens Group 

40 4th Lens Group 

50 CCD 

M Mirror 

CG Cover glass 



[Translation done.] 
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